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A b8tr a Ct
T heLake Bo8te n in theYanji Ba sini8thebigge stlake h X injia ng, C h ina, a ndphysiJnpO rta nLr oles
o Adle agrict)Ik e,iAdusbies a nde nvir oILment血1thら1o calTegio A Ho w e v er,the w aterlev els oftheLakeBosLe n
dc m o 皿Strate左decreasingtrend in thepastse v eralte･tyears･ Thegdalofthe research isto clari&the m e chaJtis m
oful … 甘(CrbalaJICe Cfthebasin ･ Bas ed on the av aihble A)rdrologicd data 如Jn1976 to 1989, w egiv ethe
a N (A w aterbala n c e m odelto evaluate the w ate rbudgets Of theYa nji Bami･ Detads a r egiv e n of
the m ethodb calc ulate the ev apotr anspir atio n fro m vegetatio nl the ev apo r ation a nd di e Sbrage
changt -Igro u ndw ate r･ Withthis mOdel･ w e c alctllatedthe a】ln u 81 w akrbudgetsfr o m1976to
1989
･
a nd ev alttated the effects of theirrigatiDLH XPa n Bio nto di elake thathad m ade theLaker8
w aterlev eldr opped m o r ethan O･8 m etersdo w ndtJringthepast13year8 丘o m 1976b 1989.
Key WoJ
･d8:Watx!rBahn c e加ゎdel, Bo 8te JILake, Yanji B asin .
1. b trudtt ctioJI
T he Yanji Ba siJld m o stis an c･1Clo s ed Ba sin wi thjn the RaJIBe Of Mo u 皿taiJITiaJIShan. TheLake .f
Bo sten
･
which iBlo c ated in thelo w estpla c e of th6 Yanji Ba血 , n o w adays, bec o m esthebiggesthke
in XinjiaJlg aAerthe LopNo r and the Aibi lakesdried 叩, and als ois the biBgeSt丘･eshw atc.lake
inland of ChJn a･ T helakels a r e ais aboHt877･O1 002･4km2 wi thc apa city of52-88 krn
3
co rrespo 皿血g
to the elevado n s of lake.s w aterlev el of lO44･95-1048･75m ete rs(Li.flu aqg aLnd Yi1984). h die
Ba sin
･
thc thre e mairLinflo w riv ers
,
n am ed K ai du
,
Hu angshui and Qingshui, deriv e &o m the
n o rhw este m a ndnorthe m m o Ⅶtain a,e a s･ The u n iqu e odflow fla m ed a sKongqu ¢River o rlgln ateS
触 m the Lake Bo stc A and stretches o ut of the Ba sin(FigLIr eI), andpr ovi desthe w ate, res o u ,c efo r
the Ku血 City･ The Ya nji oasis h theba血 c o nsists ofirri名atio n a rea s, r e edla nds,lake Bo st6 n a nd
other aJ! a Se tC･ SO, itis o n eofthe Ln O Stimpo rtaLltbas es of agricultu re, r e ed 皿d 丘血 iesin the
XinjingRegio n,
Ho w e v er
･
h the pa st se v er alten ye a rs,Ithe w ate rlev els ofthe Lake Bo sten pr e s e nt a
dec r e aslngtre nd, andthe w atersalinity als oin c rea s esquickly･ especialy' dtuingthe 198 0s,
thelake-a w aterle vpls r e a chedthelo w e st valu einthehisto ry ofre cords. To a voidthe sa me
misfo rtu n e e xperie n ced inthefa m o u sLake ofLopNo rinCe ntr alAs ia,it n e edsto 血 坤 the
m e chanis m of w aterbalanc efor the Basin･ Sin ce 1960s
,
s e ver al of ge n er al e stim ation
m ethodsfo r calc ul 血g the w ate rbudgets ofthebasinhavebee npr opo sed for s o m e speciflC
yc ars･ Ho w ev er,few er researchersha ve c o n cern ed abo ut a syste m atic w ate rbala nce model
forthe ove rall drain age ar ea.
h thispap予r･ a n a 皿 tlalw aterb alan c e m odelof the o v erall dTmiaBe a re aisgiv en(Figu re2). Details
ar calso des cribed ofthe n cthod to c alcdate the e v apotra n spば ado n 丘o m the main types of the
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v eg由也on,th占 ev apo ratio n a nd die StO r喝 e Change of alegrO.uldw aterin theba 血 Ac co rdingly, w e
giv ethe calc uhtio n s of the w 血e rbudgetsby u smg of 也i5 JllOdelforthe 14 ye a rs of1976- 1989･
Mo r eo v er, after ex aminiAgtheprecisio n of也is rrLOdel within theperiod, w eha v e c vala ated thc effe cts
of theirrigatiol1甲pa JBio ntothe 血 e
-
a change. The 喝rictlltu r ¢in cr e m eJltis o n e ofthe re asbn sthat
c和 声edthel止 e
L
s w aterle v el dec reasing; as an ex a I叩1e, th¢ calculatio nsholVSthat thelake
.
sle v el had
be en drop ped m ore血a no.8En eterS inthepast13 Years of 1976-1989, dlich caus ed by也e 息 mia nd
in c re ase only.
/
へ
＼
I - '
.ヽ ～
.
ノ
a
J壬
杏
‾ ‾
､
ヽ
”
◎ wdJdd JLIyer
⑳ Qtrh lp R Ly tr
⑳ xI&lh R Iv q
ヽ
.
_ .
一 ･
′
L 一 ー
ヽ へ
-瑠
★ 叫robdtd S.一触
● cltl.Ttrw J I
⇒ Gr d W 山 q
Tlll † W■比fC叫 ▲l
ー
ー
-
で
く戎
1. b ♂
くも
S
Jl叫 hiCLIO読
ど :
･･
bEI
､
ー･･ - ･' -p
. _ &
f=
a
. LC
B甲 叫
Y叫
㊨
o
rb
¢
FigtLre1. Map of th6Y am)
'
i Ba Bin withthefrydFOlogicaJstatio n
Pre ¢ipetatio n
(P8)
く=>
Qr o urtdw 4t即 ･
lnfl¢w(Qi
Rhle rS'
1nfLD W(Ri)
Rh(e rs'
Outflo w(Ro)
智
Al h lhち
Uncdtiv atcd hnd
Evapor gt‡o rT臥
Ev 8POtr arLSPir8tio n
(Eo)
JJTigAdoJl
■ 血
○ 触 r w Al町
I r ●8 &良
h k 由 Pe riph6 rY
Sto r age C hange･
(A W古)
Sto rage Cha nge pf
Gr o u ndw atB r(AGs)
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2. Ay &il札bJe Data a nd Previous Resea r che s
The available data duri叩 1976-1989:i)The riv e rs dis charge s a ndthela
L
ke.8 W ater
levels re c o rded at hydr ological 8tatio n s. ii) T he data of pr e cipitation , evaporatio n
obs er ved at hydrolbgic al a nd m ete o r ol gical8tationB. iii)T he a r e a s ofthe o a si that
includingthei migatio nla nds, the r e ed la nds, andthe other
l
w ater are aetc.
TabJeI. ListOfIIydrdogicd aJ]d m e暮eorologicd data av ailable hthis m odel
Stdio n N m 8 0friv 8 r C&tchzTLe nt & r e A
a m 5
皿e v Atio n
(hi)
Pli riod
(y 8 8 r)
Data
DS K Sl. K由dll 19,022 1338.9- 1339.7 1976-1989 0
ⅡS G St 血m 見血uiEO tl 5.000 1319.4LV 13 23.3 1976-1989 O
OS H.St Qh文Shtd 4 65 1976-1989 O
TSD.St. Ko n月qt16 1048.2 -1052.3 1976-1989 0, E20
石ST.st. BosteJILake 1047. -104 9.1 1976-1989 H, E20. P.
Hcshu o Tわw n 1 976-1989 E 20･
EQiinJ: Tわwn 1 976-1989 ･ 五20
YaJlii to 耶 1 1 976-1989 E20
E 20:Ev apora血 n with20cJn eV apOr atiollPan･ H: h ke
-
slev el is available during(19551 993)
QニD is chiLrge P:pr edpitado nI T 加: WaiterteltlPCrab c
The Previous Study Re sults:i)T he relationship betw een the w aterleve18 a ndthe
lake-白 are a aLnd the capa citie 8ii)The e mpiric alc o ef&cient8 for calc ulatingthe lake
.
s
e v apo ratioA and vegetation evapotr a nspiratio皿 Crahle2).
La nd Type FaJnlaAd& . Re ed I,2 Re ed 3,4 &. CaI血il BareLand
Ko
Herbagc
Ⅹ
cod 五deJ1( 1 3 1.0 0.90* 0
.75＋
* 由 nE'te 8that is refe rr ed by H･L Pc n rTT 肌fo r c 8bu(Sting 81 ePOtC ntiale v aporation o nba rela nd
3･ W ate rD&hn ce M odelortbeYAnjiOa sis
ABtheFist m 2 sho w s･theba sic eq血 o AOf the aJl n ual｡ 触 rbalan c ein.the ov erallba血 isgiv e n
by,
(Rl
l
＋ Ps ＋ Gi)-(Ro ＋Eo ＋ Go)- A W8 ＋AGs ＋AQv
Eo = EL 十E ＋ Ep (
1)
whereRlisdw dis charge Oftheid o w riv ers･ ps istheprecip血tion o ver allthe oasis are as, Giis
the h flo vF Of the gro u ndw ater, Ro is 血e dlS Charge ofthe占utAo w riv er, the g, o undw ater . utno w
Pres e nts Go # O he re, A we is the sto rage Cha nse･of thelake, AGs is the Sto rage ChanB6 0f the
gr ou皿dw aterin the ba sin aJld AQv is the water re siduals ofthe equ aho n･ Eo co n sists of EL, E
aJld Ep , her e EL is the ev apo r ation }of the lake, E is sLLm Of the e v apo r aho n and
e v apotraJISPOratio n of the o asiI
Witho ut thelake･ a nd Episthe e v apor atio n of thegro u ndw ater.in the
lake-spe riphery are a･ The calc uladon of thcrthl e e u血 o w n s of GL
.
･
Eo
,A Gs in the equ adon is key
poid forthis En Odel.
3･1 CAld Atio A Ofthedisch rges orgroundw A(e rid o w
T he equ min s(2)giv es 姐 aPprO Xim atio n m ethod to calculating the a皿 ualBrO u nd w ate, that
perc olatediJltOtheba sin; 6 isthe r a;tiobetw e enthe Gl
･
皿 d the R1
･
ofs o m e spe ciflCye ars.
Gi = α ･ Qi, a = 0･083 (2)
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3.2 C dc 血tio n ofthe e v叩 O r &t;o n aJIdthe e v APOtr & B SPim tion
w ithu由ng ofthe data ofEB.atfour statio ns, We give a c aubratio npara m eterto revis e
the r e c o rds,-then to c alculatethepotentiale vaporation of the region wi ththe empiric al
c o e践cie11七 三. ThtlS, the ev aporation and the ev aportr anBpir atio n ofthe o a si c anbe
calculated wi ththefolbwingeqll ation , I
EL = EB 20･ A･ SL
Ew = K. p ･ Em 20
1 A
E - KI, , . Ew ･ SI” ･Ew∑(Kjp･ Sj)･
ノ
(A ≡ 0.4045)
U : =l ,2 ,3)
(3)
where, EL i8 the lake
■
8 ev aporatio n, EB 2 0i8 the data at the Bo 8ten hydrological
Station; Ew iB_the pote ntialev甲 O r atioh, E20m isthe averag
■
e value ofE皇0 0寸e rthefo u r
8tatio n
･
Kw is the c alibr ado npa∫a m et r･ KLrr, Kj is 血 e mpiricalcoeWICie nts･SIrr, Sj is the
ar easofthela nd. h 血is m odel, w e el叩1oythe Kw , Kz,r aspar a m eters, which are cha nged i血 thc
r ca s oJ nble ra喝 C Of O･9･I･25a nd I･20･l･45, to calcuhtedi e e V aPO ra[tio n a ndthe evapotr an spo ratio n
r espe ctiv ely.
3･3 C札IctthtiD n Ofthegr o11ndw &te r e v APO ra:tio nin thelake
'
s pe riphe ry a reas
W iththehypohe 8i8 0f that. the cha nge ofgro｡ 皿dw ater stor agei8directly proportional
to the w ate rle v el■s dla nge Ah, i.e .
AGs oc Ah
h
(4)
w e c an ign o r ethe A Gs ihthefou rye af8 0f1976, 1 979, 1981 and1982duetothelittle
cha nge forthe Ah ･ T herefo re, w e can calculate the grou ndw ater e vaporation Ep ofthe
a r e a丘o m the eqnation (1)一 甲or ePVe r 血d o ut a s甲ie s of thq regre s sio n equ ations
betw een･ 卑 a皿dthelake
.
8 W ate rlev el A.
3･4C dc td&tjoJ1 0rthe sto r age ch且Jlge Ofthe宅r O u ndw ate rin theb且 血
In c onbin ation withthe w aterbalan ce equ atio n andthe c alctl atio n s abov ea B Gi
,
Eo
and､∴ 軌 We
‾
c ancalculatethe a n叫 al8tOrage Change ofthe grou ndw ater for 1976- 1989.
Mo re ovei, w e丘ndbut th占regr6s由on equ atio 且sbetw een AGs and Ah .
3+5 EstAblishm e tLOrthe w aterb daJI Cem odel
′､■Be c a u 8 e･ S u血 Ofth6squ are oftheふate l･ re siduals should be clo s etothe minim u m , a s
19 89
∑(AQγ}･)
2
→ 6 (5)
J
'
ze1976 ‾
thus
･
w e can obtain a S e ries ofthe optim u m combin atio n sof K w, KITr and the regr e 8 8ion
c o e瓜ci8nt8 for calc ulatingthe Ep a ndthe AGE by m eans Ofthele a stSqu ar e m ethod. In
this Study, w e e mployed the para m ete r of Kifr Varie s丘･o m 1.20 to 1.45 wi th a Step Of
o.o6, andobt ain edSix patte m 8forthe w ate rb alanc e n od点l.
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4. Res tdtg
¶18 馳 u ni皿atio n ofthe m odcIIs precisio n
■
w as c aried by m e a ns of m akingthe c o mparis o nsofthe
le v el wa[terb8tW ee nth8data and the calcLllation results(e.g, Figu re3). Thelcv年l
■
s deviationsbetw e e n
the 血ta aJldthe calcula･tion are le ssthan O･20 meterdtEiJlg･也e period of 1976-1989 wi ththe
m a xim u nl V alueill19i5and1986･ Usingof h6 m Odel
'
ssix pafterlW, W eCalculatedth6 Waterbudgets
■of the ba sin respectively 丘om 1976to 19名9(e.g. Figtlre4). M o reo v e r, the results sho ws asdie
fo llo w s:i)The av e r age of the vegetad甲 e V aPOtran SPira･tio n v a rie sin the r aJlge Of 18. 8×10
8
m
3
per
ye ar, which is46 3- 49･1 %of the total w ater res ourc einthebasin;ii)T helak6
T
s evaporationis abo ut
9
･63×10hl'perye ar.iii)Thegro u ndw ater e v apo ratio nin theh kcpe ripheryisdir ｡ctlypropo rtio nalto
thelak¢-s w aterl¢vel, withthe valu e of 6.94- 7.68×10甘m3in 1976. iv)n e ¢v apo ratio n ofthe othe ,
la nd s urBLC Cillis l･45- 1･65×108m3 peryea r, a nd 3,6 叫.0% ofth6total, v)Thetotaldecrea se .fthe
groLlndwatcr stor ageisiJlthc raLlge Of 7･46- 15･71×10
8
m
3 &o m 1976to 1989, Ftlrtherm ore
,
w e ako
calc ulatedthe effe ct ofthe hl m an a Cd vitesto thelake
,
a nd the r estl iJldic atesthattheirrlB 血 n
c7iPan Sio nfo r agric uh r ein the basin had m ade the Lake's w aterle v el dr opped0.83 m etersdo wn
dtui喝 thepast13yea rs舟o m1976to19S9(Figtu e5).
TLLW. W e C a ngiv edie C OJIClusio ns a sthefollo w s:
1)M ost ofthe w ater re so u rc eha sbee nC O n S um ed by the vegetatio n evapotra叩iratio n】 thelake
･
s
6 V aPO ra･tio n a ndthedischarge Qfthe>Riv erRongque･
2)The g o u ndwatcr e v aporatioJlin 血elake
'
s periphery regio nbe c om esstro nger ゆeJlthe h ke
･
s
vvatc rlev elishigherthaJl1046.7 m eters.
3)The v ariaiiollS Oftheriv er s‾inno w s aJld ev apor mi1. Stro ngly h nucn c edtheflu?batiQ M fa n mlal
w aterle v els Qfthelake.
4)TheiJI Cr ea S e Oftheir晦ado nar ea si o n e of the re as o nthatc a used thelake･s w aterlev elI. w.
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